Brazil is the world's leading poultry meat exporter since 2004. The poultry slaughtering workers are exposed to risk factors for work-related upper limb musculoskeletal disorders, such as repetitiveness, high frequency of technical actions, forceful exertions, inadequate posture, insufficient time for recovery, use of tools and exposure to cold temperatures. The aim of this study was to evaluate the risks associated with the repetitive movements of upper limbs in different tasks performed in a poultry slaughterhouse. In the poultry slaughterhouse 1,200 workers slaughtered 100,000 chickens per day during two work shifts. Ten percent of the company's employees were evaluated during the execution of work tasks, using the OCRA Checklist method. Each worker was filmed for a period of 5 minutes. The Student t-test (SPSS 17.0) was used, adopting p≤ 0.05, in order to compare the risk variable between the sides of the body. The 30 work activities analyzed were from the following sectors: packing (n=12); cutting (n=11); evisceration (n=3); reception (n=2); chiller (n=1); and freezing tunnels (n=1). The average of occupational repetitive actions performed by poultry workers was 64.4±16.1 per minute, representing 9 points in the OCRA's scale (0 to 10 points scale). The average score of OCRA's checklist of all the workstations analyzed was 22.7±5.6 points (moderate risk). The Checklist scores for the right upper limbs (average 22.5 -moderate risk) were significantly higher (p = 0.033) than the left upper limbs (mean of 21.7 -moderate risk), representing a higher risk for the right side of the body. Considering the five risk categories proposed by the OCRA Method, 11 work tasks (37%) were considered high risk, and 19 (63%) presented moderate risk. It is concluded that the majority of the slaughterhouse workers were vulnerable to ergonomic hazards by repetitive movements and to a greater probability of developing upper limb work-related musculoskeletal disorders (>21.5% probability for high risk and 10.8 to 21.5% for moderate risk).
Introduction
Brazil is the world's major chicken meat exporter, with 57.7% in the form of cuts, 5.5% as processed meat, 4.2% as cured meat and 32.6% as whole chicken (ABPA, 2016) . Most of the chicken meat produced in Brazil is processed by means of handheld tools (knives) or cutting machines. Nonetheless, improvements in the working conditions have not grown at the same rate as production increased (Sardá et al., 2009 ). Slaughtering and meat processing work involves high loading intensities and cyclic repetitive muscle actions of the upper limbs, which may represent an elevated risk of work-related musculoskeletal disorders (Quandt et al., 2006; Lipscomb et al., 2008) . According to Occupational Safety and Health Administration (OSHA) (2013) risk factors for musculoskeletal disorders (MSDs) in poultry plants are the repetition, forceful exertion, awkward and static postures, vibration, and cold temperatures In consideration to these risk factors, the OCRA checklist was developed to analyze the workers exposure to various risks of developing upper limb work-related musculoskeletal disorders (UL-WMSDs) (strength demand, repetitiveness, inappropriate posture and inadequate movements, lack of recovery periods, and others defined as "complementary") related to activities performed (Colombini and Occhipinti, 2006; Occhipinti et al., 2000) . The checklist was based on a consensus document of a technical committee in musculoskeletal injuries of the International Ergonomics Association (IEA) (Colombini and Occhipinti, 2006; Occhipinti et al., 2000) .
Therefore, this study aims to evaluate the risks associated with the repetitive movements of upper limbs in different tasks performed in a poultry slaughterhouse.
Method
The local Ethics Committee in Research with Human Beings, in accordance with the Helsinki Declaration, approved this study.
The study was conducted in a poultry slaughterhouse where 1,200 workers slaughtered 100,000 chickens per day during two work shifts. The risks associated with repetitive movements of the upper limbs where evaluated using the OCRA checklist (Table 1 ) (Colombini and Occhipinti, 2006; Occhipinti et al., 2000) to assess the risk in 30 work activities, which included the majority of the workers in the meat processing plant. Videos of 10 task cycles were recorded for each worker during task performance, for subsequent analysis.
Descriptive statistics was used, as well the Student t-test (SPSS 17.0) was used to compare the risk between the sides of the workers' body, adopting p≤0.05.
Results
Considering the work load adopted by the company, with two shifts of 528 min each including a lunch break (60 min), three rest breaks (20 min) and the time to change clothes/uniform (clock in and clock out), the net time of repetitive work considered for the application of OCRA Checklist was 458 min. The multiplier factor "one" was assigned, in order to compute the final risk score, due to the shift's customary duration (between 421 and 480 min). Three points were assigned to the "Recovery" risk factor (on a scale of 0 to 10). Regarding to other risk factors considered by the OCRA method (frequency of technical actions, force applied, posture and complementary factors), scores were assigned according to the characteristics of each activity.
The average of occupational repetitive actions performed by workers was 64.4±16.1 per minute (Table  1) , representing 9 points in the OCRA (0 to 10 points scale). In a poultry slaughterhouse industry, Colombini and Occhipinti (2004) According to Kilbon (1994) , the worker ought to not exceed 25-33 actions per minute, considering that frequencies above these values interrupt the physiological recovery mechanisms from operating efficiently, increasing the incidence of tendon injury.
Meat processing and slaughtering work tasks require high loading intensities and cyclic repetitive muscle actions of the upper limbs. Coupled with limited time for recovery and temporary episodes of work disability, the prevalence of musculoskeletal pain in the hand, arm and shoulder is high among slaughterhouse workers (Sundstrup et al., 2014) .
The average score of OCRA's checklist for all the workstations analyzed was 22.7±5.6 points ( (Brasil, 2013) , which establishes the minimum requirements for evaluation, control and monitoring risks in activities performed at meat processing industries.
Due to predominant highly repeatable movements of the upper limbs in poultry slaughterhouses (Sundstrup et al., 2014) , and previous studies suggesting the reduction in working pace to prevent UL-WMSDs (Reis, Reis and Moro, 2015; Reis et al., , 2016 , simulations of reduced working pace to achieve very low risk levels utilizing the OCRA checklist were performed (Table 1) . When performing simulations, in 28 of the 30 activities, the risk of UL-WMSDs was reduced to very low, by decreasing only the working pace (-44.9±13.7%). It was not possible to achieve very low risk levels by reducing only the working pace, in some activities, due to the 
Conclusion
Based on results of this study and the literature reviewed, the following can be concluded:
-Most of the activities carried out by the workers were classified as presenting a moderate risk;
-The risk of developing UL-WMSDs in the analyzed activities was higher for the right side of the body; -Simulations of reducing the working pace showed the effectiveness of this organizational measure to reduce the risk of UL-WMSDs in most of the analyzed activities.
Workers exposed to moderate risk activities have two to four times greater chances of developing UL-WMSDs than the population that was not exposed.
Future studies are necessary to determine whether the present findings can be generalized to other poultry slaughterhouses.
Organizational measures should be considered to reduce the risk of UL-WMSDs. Suggestions: reducing the work pace, adopting job rotation between tasks with different biomechanical requirements, adopting rest breaks well distributed throughout the workday (preferably hourly), increase the number of employees, use of sharp knives to reduce the effort required to perform cutting task, and monitor the risk level of work activities through objective tools such as the OCRA checklist.
